Abstract: Cholera toxin (CT) binds ganglioside GM1 and has been used as an adjuvant in transcutaneous immunization. To determine if the adjuvant property of CT was merely due to binding to ganglioside GM1, mice were immunized by the transcutaneous route using hen egg lysozyme (HEL) as the antigen, and either CT or synthetic peptides that bind to ganglioside GM1 as the adjuvant, and the immune responses were evaluated. Both CT and GM1 binding peptides (GM1-bp) induced HEL-specific antibodies and T-cell proliferation. However, the immune responses when GM1-bp was used as the adjuvant, was much lower when compared to CT as the adjuvant. GM1-bp maintained or enhanced the co-stimulatory molecules on antigen presenting cells, in particular on JAWS II dendritic cells. Overall, the data suggests that the binding of GM1-bp to ganglioside GM1 alone can induce immune responses to the co-administered antigen.
INTRODUCTION
Transcutaneous immunization (TCI), a needle-free technique, is a method of vaccination by which the antigen along with an adjuvant is applied directly on the skin [1] [2] [3] . The antigen and the adjuvant travel through hydrated skin and induce potent cellular, humoral and mucosal immune responses against a wide range of protein and peptide antigens including DNA and influenza antigens [4] [5] [6] [7] [8] [9] [10] .
The most effective and widely used adjuvants for TCI have been the ADP-ribosylating bacterial exotoxins, including heat-labile enterotoxin (LT) and cholera toxin (CT) [2] . CT and LT are each composed of 5 identical B subunits that bind to the receptor ganglioside GM1 on the cell surface. The B subunits are non-covalently linked to a single A subunit consisting of two domains A1 and A2 [11] [12] . While the pathways by which CT and LT act as adjuvants have not been fully elucidated, two attributes of these complex toxins are central to this function, enzymatic ADPribosyltransferase activity and high-affinity ganglioside GM1 binding to cell membranes [13] . The A subunit exhibits ADP-ribosyltransferase activity while the pentameric B subunit is responsible for binding the toxins through the receptor. Through ADP ribosylation of G proteins and activation of adenylate cyclase, the enzymatic A1 subunit initiates a cascade of events that promotes an outflow of intracellular fluids (enterotoxicity) and stimulates a number of other less well-understood cell signaling pathways. These signaling pathways potentiate immune responses to co-administered antigens [11] . Dissociation of adjuvant and enterotoxic effects by introduction of mutations in or around the A1 active site have been somewhat successful, although disagreement remains about the contribution of residual enzymatic activity in the adjuvant properties of these mutant toxins [14] [15] [16] .
The binding of B subunit of CT and LT to GM1 ganglioside is essential to their adjuvant property and is important in directing and properly presenting the molecule to antigen presenting cells [17] [18] [19] . Toxin binding to GM1 also triggers events that result in efficient antigen uptake and activation of cell signals that improve antigen presentation [20] . The non-toxic B subunit pentamer of LT or CT has been coupled to antigen as well as co-administered with soluble protein antigen by the intranasal route and shown to induce IgA and IgG-mediated protective mucosal immunity [21] [22] [23] [24] .
Despite their success as adjuvants in animal studies, the utility of LT and CT in humans has been limited because of their inherent toxicity when administered by the oral or intranasal routes and poses a challenge to their usage [25, 26] . Clinical trials using LT in the transcutaneous immunization platform are ongoing and have to date induced potent immune responses to vaccines and proven to be safe with no toxic side effects [27, 28] . Research to elucidate the molecular basis of adjuvanticity and toxicity with a view to exploit the successful adjuvant properties of the toxin have been undertaken.
Using a phage-displayed pentadecapeptide library, Matsubara et al. identified ganglioside GM1 binding peptides (GM1-bp). These small 15mer peptides bound with high affinity to a GM1 monolayer [29] . Remarkably, none of the three peptides displayed any similarity to the GM1 binding site of CTB or LTB, yet all three inhibited the binding of CTB to GM1 monolayers. In addition, Montaner et al. [30] described 45 additional GM1-bp. They utilized two of the peptides for intranasal immunization with influenza proteins and demonstrated that both mucosal as well as systemic antibody responses were generated [30] . These GM1-bp could prove to be safe and potent adjuvants and may also provide a useful and unique tool to define the specific contribution of GM1 binding to the generation of immune responses.
In this study, we demonstrate that when the antigen HEL along with GM1-bp as the adjuvant is applied on the backs of mice by the transcutaneous route, immune responses are induced to the antigen as well as the adjuvant. However, the responses with GM1-bp were much weaker compared to when CT was used as the adjuvant. These results suggest that binding of ganglioside GM1 alone is sufficient to induce an immune response.
MATERIALS AND LABORATORY PROCEDURES

Mice and Reagents
C57BL/6 and BALB/c mice were purchased from Jackson Laboratory (Bar Harbor, ME). Hen egg lysozyme (HEL) was purchased from Sigma-Aldrich (St. Louis, MO). RPMI-1640, fetal bovine serum, L-glutamine, penicillin, streptomycin, and phosphate-buffered saline (PBS) were obtained from Gibco-BRL Life Technologies part of Invitrogen Corp. (Rockville, MD). Three ganglioside GM1 binding peptides (GM1-bp) GA, DP, and VP [29] were commercially purchased from The American Peptide Company. The respective sequences for the three GM1-bps are as follows: GWWYKGRARPVSAVA; DFRRLPGAF WQLRQ; and VWRLLAPPFSNRLLP. Anti-CD80, anti-
anti-IL-4 (clone BVD4-11), biotinylated anti-IFN (clone XMG 1.2) and biotinylated anti-IL-4 (clone BVD6-24G2) were purchased from BD Biosciences PharMingen (San Diego, CA). Cholera toxin (CT) was purchased from List Biological Laboratories, Inc. (Campbell, CA). Immunopure goat F(ab') 2 anti-mouse IgG (H&L) was purchased from Pierce Biotechnology Inc. (Rockford, IL). Ninety six-well Ubottom Immulon-2 polystyrene plates were purchased from Dynatech Laboratories (Chantilly, VA). Phosphatase-labeled goat anti-mouse IgG, substrate p-nitrophenyl phosphate and BCIP/NBT were bought from Kirkegaard & Perry Laboratories (Gaithersburg, MD). Multi-Screen-IP sterile plates were purchased from Millipore (Bedford, MA). Anti-IFN (clone RMGG-1) was from BioSource, International, Inc., (Camarillo, CA). Avidin-conjugated alkaline phosphatase was purchased from Vector Laboratories (Burlingham, CA). Murine gamma-interferon was purchased from R&D Systems (Minneapolis, MN).
Mouse Immunizations
Six to eight-week-old-female BALB/c mice were maintained in a specific-pathogen-free facility. Each group of five mice was housed in an individual cage and given water and food ad libitum. This study was conducted in compliance with the Animal Welfare Act and adhered to the principles enunciated in the Guide for the Care and Use of Laboratory Animals. The investigators used facilities fully accredited by the Association for Assessment and Accreditation of Laboratory Animal Care, International. All animal experimentation was approved by the WRAIR Animal Safety Committee. The backs of the mice were shaved one day prior to immunization with a Wahl razor. The mice were immunized via transcutaneous immunization (TCI) [31, 32] . The backs of the mice were hydrated with water before the addition of the antigens in a total volume of 50-110 μL. The groups ( 
ELISA
Solid-phase enzyme-linked immunosorbent assays (ELISA) were performed to measure the HEL-and CTspecific IgG antibodies. HEL and CT protein were used as the capture antigens as described previously [33] . Immulon-2 96-well U-bottom polystyrene plate were coated with HEL or CT (2 μg/ml, 0.1 ml/well) in antigen diluent [4 μg/ml boiled casein in phosphate buffered saline (PBS)] overnight at 4-6ºC and then blocked with 0.5% casein in PBS containing 1% Tween 20 (PBS-casein-Tween). Individual mouse serum diluted in PBS-casein-Tween were added to the plates in triplicate wells and incubated overnight at 4-6ºC. After washing with 0.05% Tween 20 in PBS (PBSTween), the plates were incubated with phosphatase-labeled goat anti-mouse IgG for 2 h at room temperature and then washed again with PBS-Tween. Substrate (p-nitrophenyl phosphate) was added and the plates were incubated in the dark for 30 min (CT) or 1hr (HEL). Absorbance was read at 405 nm with an Uvmax plate reader (Molecular Devices, Sunnyvale, CA). The data are expressed as endpoint titers defined as the highest dilution that yielded an optical density reading greater than or equal to twice that of the background values.
Proliferation
Spleen and lymph nodes obtained from naive and immunized mice were cultured in complete RPMI 1640 media containing 0.5% normal mouse serum. Cultures were set up in 96-well plates in triplicate in 0.2 ml volumes at a concentration of 5 x 10 5 cells/ml for spleen cells or at a concentration of 2.5 x 10 5 cells/ml for lymph node cells in the presence or absence of HEL or GM1-bp (1, 3, 10, and 30 μg/ml, respectively) for 5 days. During the last 16 h of the culture period, cells were pulsed with 1 Ci of 3 [H]thymidine per well [34] . Cells were then harvested onto glass fiber filters. The data are expressed as stimulation indices [ 3 (H)thymidine incorporation in the presence of antigen divided by the same in the absence of antigen] plus or minus standard error.
ELISPOT
Spleen and lymph node cells secreting IFN-and IL-4 were analyzed by ELISPOT as previously described [34] . Briefly, single cell suspensions were prepared from the spleen and lymph nodes of naive and immunized mice (3 mice/group). Spleen cells (1 x 10 6 cells/well) and lymph node cells (2.5 x 10 5 cells/well) were plated on anti-IFN and anti-IL-4 coated 96-well nitrocellulose-backed MultiScreen-IP sterile plates. Cells were incubated with or without HEL (30μg/ml) for 18 h at 37ºC in a humidified CO 2 incubator. Plates were washed, overlaid with 0.125 μg/ml of either biotinylated anti-IFN-or biotinylated anti-IL-4, and incubated at RT for 2 h. The plates were then washed and incubated with 1:1000 dilution of avidin-conjugated alkaline phosphatase for 2 h at RT. The plates were washed and bound IFN or IL-4 was detected by the addition of BCIP/NBT. The plates were washed with water and the individual spots were visualized and counted the next day using a stereo-binocular microscope. The average number of spots/number of cells plated was calculated.
Preparation of Antigen Presenting Cells (APCs)
Bone marrow-derived macrophages (BMs) were cultured from the marrow of C57BL/6 mice (H-2 b ) or BALB/c mice (H-2 d ). Cells were grown on either acid-washed circular glass coverslips or in 100 mm tissue culture plates as previously described [35] . On day 9, macrophages were supplemented with 10 U/ml of murine interferon gamma (IFN-) and used as APCs the next day.
Surface Marker Expression
On day 9, primary bone marrow derived-murine macrophages and JAWS II dendritic cells were treated with or without IFN-(10 units/ml) and with or without 1 μg/ml of CT or 1 μg/ml of GM1-bp (0.333 μg/ml per peptide). Cells were incubated overnight at 37ºC. The following day, cells were scrapped and placed in 96-well U-bottom plates (~500,000 cells /well). Cells were washed in PBS containing Ca 2+ and Mg
2+
. Non-specific binding was blocked with 1:100 goat serum in PBS for 5 min on ice. Cells were then incubated with 4 μg/ml anti-H-2K d , anti-IA d for BALB/c mice or anti-H-2K b and anti-IA b for C57BL/6 mice or anti-CD80 (B7-1) or anti-CD86 (B7-2) for 1 h at 4ºC. Cells were washed, followed by the addition of 4 μg/well of purified FITC-conjugated goat F(ab') 2 anti-mouse IgG. Cells were incubated at 4ºC for 1 h, washed in PBS and then analyzed on a FACS Calibur flow cytometer (Becton Dickinson, San Jose, CA). The results were analyzed using CellQuest (Becton Dickinson, San Jose, CA) software.
RESULTS
HEL and CT Specific Antibody Responses
Mice were immunized by the transcutaneous route with HEL as the antigen and either CT or GM1-bp as the adjuvant. Individual serum samples were analyzed for the presence of HEL and CT-specific antibodies at weeks 4, 8, 12, and 16 by ELISA.
As shown in Fig. (1A) , mice immunized with HEL and CT (Group 4) showed consistently high HEL-specific IgG titers from weeks 4 through 16 with an endpoint titer of 153,600 at week 16. HEL-specific IgG antibodies were also induced in mice immunized with GM1-bp (Groups 5 and 6) as the adjuvant (Fig. 1B) . However, the titers were significantly lower in Group 5 (p<0.04) and the response was delayed by 4 weeks compared to Group 4. Only one out of 5 mice induced HEL-specific IgG antibodies when immunized with the lower dose of GM1-bp (Fig. 1B, open bars) , whereas four out of the five mice induced HEL-specific IgG antibodies when immunized with the higher dose of GM1-bp ( Fig. 1B, solid bars) . HEL-specific endpoint titers were below levels of detection in all groups of mice at week 0 ( Fig. 1A; titers < 100) and in Group 5 and 6 mice at week 4 ( Fig. 1B; titers < 100 ).
CT-specific IgG antibodies for Group 2 (CT 50 μg) and Group 4 (HEL + CT) are shown in Table 2 . Both groups had extremely high titers (>819,200 at week 8). Although, at week 16, CT-specific IgG antibody endpoint titers for Group 2 were 2-fold lower than Group 4, the titers were not statistically significant (p = 0.24). The above results demonstrate that GM1-bp do serve as an adjuvant to induce HEL-specific IgG antibodies when applied on the skin along with HEL as the antigen.
Effect of GM1-bp on T-Cell Proliferation
At week 16, spleens and draining lymph nodes from naive and immunized mice were pooled and single cell suspensions were made and tested for cellular immune responses. Single cell suspensions were incubated with either HEL (Fig. 2A, B) or GM1-bp (Fig. 2C, D) at a concentration of 1, 3, 10 and 30 μg for 4 days before the addition of 3 Hthymidine. As shown in Fig. (2A) , a dose-dependent proliferative T cell response to HEL was obtained only from the spleens of mice immunized with Group 4 (100 g HEL + 50 g CT, closed squares). The stimulation indices ranged from 4.4 to 7.2 [a stimulation index of two (dotted line) or above was considered a positive response]. As was observed with the antibody response, group 4 induced the best proliferative response. Immunization with GM1-bp as the adjuvant did not induce proliferative responses to HEL in the other groups. However, a very weak proliferative response was obtained to GM-1bp (Fig. 2C ) from the spleens of mice immunized with HEL and 50 g of GM1-bp (Group 6, open circles).
In the case of lymph node cells (Fig. 2B, D) , HELspecific proliferation was seen in Group 4 (100 g HEL + 50
g CT, closed squares) and Group 5 (100 g HEL + 100 gGM1-bp, open squares) only at the highest HEL concentration tested (30 g/ml) . The stimulation indices were 3.8 and 4.7, respectively. Immunization with HEL and 100 g of GM1-bp (Group 5, open squares) induced a very strong in vitro recall response to GM1-bp with stimulation indices of 11.5, 17.1 and 27.8, respectively (Fig. 2D) .
IL-4 and IFN-Secretion
To determine if T cells were making IFN-, naive and immune spleen and lymph node cells were tested by ELISPOT assay for the production of IL-4 and IFN-. As shown in Fig. (3A, B) , in vitro stimulation of spleen and lymph node cells obtained from mice immunized with HEL and CT (Group 4) resulted respectively in a 7-fold and a 12.5-fold increase in IFN production over spontaneous background levels. Black bars indicate wells incubated with HEL, while white bars indicate cells incubated with media alone. Immunization with HEL and high dose GM1-bp (Group 5) induced a 3.2-fold increase in IFN producing cells in the spleen over background levels (Fig. 3A) . However, a similar response was not observed with the lymph node cells (Fig. 3B, Group 5 ). IL-4 was produced from the spleen (2-fold) and lymph node cells (14.5-fold) of mice immunized with HEL and CT (Fig. 3C, D,  respectively) . A very slight IL-4 response was observed with both the spleen and lymph node cells with the high dose GM1-bp (Group 5).
Effect of GM1-bp on the Expression of Cell Surface Markers
To determine if the binding of cell surface ganglioside GM1 with its ligand influences the expression of immunological surface markers, cells were incubated with CT or GM1-bp and then analyzed for the levels of MHC class I molecules, class II molecules, and the co-stimulatory molecules CD 80 and CD 86 (B7.1/B7.2). Unstimulated or IFN stimulated murine bone marrow-derived macrophages were cultured for 24 h with media or with 1 μg each of CT or GM1-bp and then analyzed by flow cytometry (Fig. 4) . Both CT and GM1-bp caused a significant decrease (p = 0.025 and p = 0.004, respectively) in the surface expression of MHC class I molecules compared to cells incubated with media alone (Fig. 4A) . The levels of MHC class II molecules were unaffected by the treatment (Fig. 4B) . CT caused a significant increase (p = 0.035) in the surface expression of both co-stimulatory molecules, CD80 (Fig. 4C) and CD86 (Fig. 4D) compared to untreated cells, while GM1-bp did not significantly affect their surface expression.
It is well known that IFN-causes an increase in the antigen processing and presentation machinery [reviewed 36] . Our results also demonstrate that IFN-caused an increase in the surface expression of MHC class I, class II, CD80 and CD86 molecules (Fig. 4) . Incubation of IFNtreated cells with GM1-bp did not significantly affect the levels of any of the surface molecules tested (Fig. 4) . However, unlike GM1-bp, incubation of IFN-treated cells with CT caused a significant decrease (p = 0.01) in MHC class II molecules (Fig. 4B) and an enhancement (p = 0.025) in the expression of CD86 molecules (Fig. 4D) without affecting MHC class I (Fig. 4A ) and CD80 molecules (Fig.  4C) .
In addition to macrophages, dendritic cells are important professional antigen presenting cells and are the target cells in TCI. TCI induces the uptake of antigens by skin dendritic cells or Langerhans cells and stimulates these cells to migrate from the epidermis to lymph nodes. To investigate the role of GM1-bp on dendritic cell surface markers, we utilized JAWS II cells, a dendritic cell-like cell line. As described above for macrophages, JAWS II cells were either not stimulated or stimulated with IFN-and then treated with either CT or GM1-bp and then analyzed for changes in the expression of cell surface markers by flow cytometry (Fig.  5) . The data are expressed as the percent increase in geometric mean fluorescence compared to the respective unstimulated or IFN-stimulated JAWS II cells. Both CT and GM1-bp had very slight effect on the expression of MHC class I and class II molecules on unstimulated cells (Fig. 5A) . In contrast to the down regulation of MHC class II molecules induced by CT on stimulated macrophages (Fig.  4B) , there was an up regulation (25% increase in the geometric mean fluorescence) of MHC class II molecules on the surface of stimulated JAWS II cells treated with CT (Fig.  5A) . GM1-bp did not affect the expression of either MHC class I or class II molecules (Fig. 6A) . Both GM1-bp and CT induced an increase (7-8%) in the surface expression of CD80 molecules on unstimulated cells (Fig. 5B) . In IFNstimulated cells, only GM1-bp caused a further increase (15%) in the levels of CD80 molecules (Fig. 5B) . GM1-bp and CT also induced the upregulation of CD86 molecules on unstimulated (Fig. 5B) dendritic cells, although the increase with GM1-bp (37%) was more pronounced with the unstimulated cells. Further stimulation with IFN-caused a decrease in the expression of CD86 molecules. Overall, in the dendritic cells, GM1-bp increased the expression of the co-stimulatory markers compared to macrophages.
DISCUSSION
It is becoming increasingly clear that antigens by themselves are poor inducers of an immune response unless they are administered along with an adjuvant. Therefore, considerable attention and interest has been focused on developing and choosing the right type of adjuvant to generate the desired immune response. Several different adjuvants have been tested to induce a robust immune response to antigens administered through the mucosal route. The most potent adjuvants that induce strong mucosal immune responses are CT and LT. However in humans, these adjuvants cannot be co-administered along with the antigen through the oral route because of their extreme toxicity [25] [26] . Both CT and LT bind with very high affinity to ganglioside GM1 through their pentameric B subunit, while the A subunit is responsible for the toxicity. Both CT and LT induce diarrhea [37] and use of LT through the intranasal route has been implicated as the causative agent of Bell's palsy [38] . Recombinant CTB devoid of contaminating A subunit has been shown to be highly immunogenic, however, it is not an ideal adjuvant for human use if it has to be administered through the oral route. Although, the toxic effects of CT and LT are not observed if they are delivered through the transcutaneous route [27, 28, 39] . LT has been used as a skin patch in humans at the site of intramuscular injection of influenza vaccine and proven to be safe and highly successful in inducing immune responses to the antigen [39] .
In this study, we utilized three of the 15-mer GM1-bp described by Matsubara et al. [29] to determine if these peptides can act as adjuvants to potentiate immune responses to a co-administered antigen applied on the surface of the skin. Montaner et al. identified an additional 45 GM1-bp using phage-displayed libraries of random peptides [30] . By chemically coupling two of the GM-1 binding peptides to antigens, Montaner et al. , demonstrated that by intranasal administration of the complex, mucosal as well as systemic antibodies could be generated in mice. However, the efficiency of the complex was dictated by the composition and structure of the GM1-bp and the antigen.
One immediate question of interest is whether these peptides potentiate immune responses to a co-administered antigen in a manner similar to CTB or LTB. By specifically binding ganglioside GM1, these peptides permit the study of the GM1 adjuvant properties without the additional sideeffects of CT [40] . Additionally, these peptides provided a tool to determine whether GM1 binding alone was sufficient to promote or limit the adjuvant activities of CT.
The present study differs from Montaner's study in two major aspects; (i) GM1-bp are not chemically coupled to the antigen and (ii) the route of administration is transcutaneous. Our data indicates that GM1 binding alone is sufficient to induce an immune response to HEL, the co-administered antigen. Like CT, GM1-bp when used as an adjuvant induced HEL-specific IgG antibodies, although the titers were about 16-fold lower when GM1-bp was used as the adjuvant. Similarly, the cytokine responses to HEL were much lower when GMI-bp was used as the adjuvant when compared to CT. However, extremely high GM1-bp specific T cell proliferative responses were induced in the lymph nodes.
Cong et al. [41] showed that CT significantly increased the expression of CD86 without affecting CD80 expression on either IFN-treated or untreated cells. Our results are slightly different from Cong et al. [41] in that we also see an increase in CD80 expression in the absence of IFN-. Whether the difference in results between the two studies arises as a result of using different strains of mice in the two studies is not known. The effects of CT and GM1-bp on the expression of surface molecules were different. CT significantly increased both co-stimulatory molecules, CD80 and CD86 on unstimulated murine bone marrow-derived macrophages. Upon stimulation with IFN-, there was no additional enhancement of CD80 molecules on IFN-treated cells, whereas CD86 molecules were further significantly enhanced on IFN-treated cells. On the other hand, GM1-bp did not affect the surface expression of either CD80 or CD86 molecules on stimulated or unstimulated bone marrowderived macrophages. The differential effects of CT and GM1-bp on co-stimulatory molecules suggest that these molecules could affect the immune signaling and cytokine release that would ultimately have an impact on the immune response.
Although, by binding ganglioside GM1 with GM1-bp, we obtained immunological responses, it was much weaker compared to CT. It is possible that other characteristics of B pentamer in binding to GM1 and cell signaling are required for unmitigated triggering of cell-signaling pathways that potentiate immune responses. One such characteristic is the ability of B pentamers to cluster GM1 by binding multiple GM1 moieties, which apparently leads to the coalescence of membrane microdomains known as lipid rafts, rich in GM1 and several important co-stimulatory molecules [42, 43] . The GM1-bps would be unlikely to display such effects when presented as uncoupled pentadecapeptides. This could be one reasons for the decreased immune responses observed. It may be possible to overcome this if the peptides are conjugated to resemble the B pentamer. It has also been demonstrated that CT can mobilize and induce the maturation of gut dendritic cells, which could also play a role in the induction of a stronger immune response [44] .
In conclusion, our results demonstrate that binding GM1 alone is clearly sufficient to induce immune responses such as antigen-specific antibodies, T cell proliferation and cytokine release. Clearly, GM1 binding alone did not reproduce all of the adjuvant properties of CT. Other cellular functions of CT may be responsible for its ability to induce robust immunological responses compared to GM1-bp. A major difference was in the induction of co-stimulatory molecules on macrophages and dendritic cells by CT compared to GM1-bp. An increase in the expression of costimulatory molecules can lead to increased antigen presentation and ultimately to a strong immunological response. Although, the exact mechanism of how GM1 binding results in the upregulation of co-stimulatory molecules is not clearly understood, it has been suggested that the ability to bind GM1 with high affinity is necessary but not sufficient for LTB to trip the signaling cascade that upregulates immune responses to co-administered antigen [42, 45] . The above findings suggest that targeting GM1 on antigen presenting cells by GM1-bp should be exploited either by coupling or conjugating the peptides to strengthen its adjuvant activity in order to enhance the immune responses to the administered antigen.
